R&D in foreign affiliates and technology transferred from their parent firms are important potential drivers of productivity in host countries. In this paper we examine the simultaneous impact of local R&D and intra-firm international technology transfer on productivity growth in foreign affiliates. We estimate a dynamic productivity model on a large sample of Japanese manufacturing affiliates worldwide in 1996-1997 and 1999-2000. We find that both affiliate R&D and intra-firm technology transfer contribute to productivity growth, while technology transfer exhibits decreasing marginal returns. The two sources of technology are complements: use of one source of technology increases the marginal impact of the other.
Introduction
There is increasing interest both among researchers and policy makers in international technology transfer and overseas R&D undertaken by multinational firms (e.g. Branstetter et al., 2006) . The introduction of new and improved technologies through intra-firm international knowledge transfer and the adaptation and augmentation of these technologies through local R&D activities are essential for the competitiveness of foreign affiliates of multinational firms.
They are expected to positively impact the host country economy through increased productivity and potential technology spillovers to local firms.
Although a large number of studies have examined the determinants of R&D in overseas affiliates of multinational firms (e.g. Belderbos, 2001; 2003; Kuemmerle, 1999; Zedtwitz and Gassman, 2002; Odagiri and Yasuda, 1996; Zejan, 1990; Kumar, 1996) as well as those of international technology transfer (e.g. Grubert, 1998; Smith, 2001; Yang and Maskus, 2000; Smarzynska, 2004; Wakasugi and Ito, 2005; Branstetter et al, 2006) , few studies have examined the economic impact of technology transfer and R&D on host country operations.
Recent studies of international R&D have instead focused on the impact of overseas R&D on the productivity of home country (R&D) activities (e.g. Iwasa and Odagiri, 2004; Griffith et al, 2003; Fors, 1996; Todo and Shimizutani, 2005) 4 , while the impact of international technology transfer through licensing has only been examined in the context of local firms in developing countries (Basant and Fikkert, 1996; Braga and Wilmore, 1991; Branstetter and Chen, 2006) .
In this paper, we examine the simultaneous impact of local R&D and intra-firm international technology transfer on productivity growth in foreign affiliates, as well as the potential complementarity or substitutability between these two sources of technology.
Consideration of both sources is important as host countries' tax and trade policies may be directed to reduce technology imports with the purpose of stimulating local R&D. An earlier study at the industry level by Hines (1995) found that higher withholding taxes were associated with lower technology royalty payments and higher levels of local R&D, which suggested a possible substitutability between technology adapted or created through local R&D and technology created and transferred by the parent. On the other hand, one may expect a complementary relationship to exist if local R&D enhances the ' absorptive capacity' (Cohen 6 and Levinthal, 1989 ) of affiliates to effectively introduce new parent technologies. 5 The issue of possible substitutability or complementarity between technology imports and in-house R&D has been the subject of empirical investigation, but previous studies have focused on the performance effects for local firms in developing countries (e.g. Deolalikar and Evenson 1989; Braga and Willmore 1991; Basant and Fikkert, 1996) in the context of restrictive technology import policies.
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This paper is the first comprehensive empirical study of the productivity effects of intrafirm international technology transfer and affiliates R&D. We derive our econometric specification from an augmented Cobb Douglas production function including interactions between technology transfer and affiliate R&D in the augmentation of the knowledge stock.
The model also takes into account potential productivity convergence by including lagged productivity levels. We estimate the dynamic productivity model on a large sample of Japanese manufacturing affiliates worldwide in 1996-1997 and 1999-2000. This paper is organized as follows. In the next section we present the modeling framework. Section 3 describes the data set and variable construction. Section 4 presents the estimation results and we conclude in section 5.
A Model of Productivity Growth
We use an augmented Cobb Douglas framework to model the manufacturing activities of foreign affiliates:
where Y is value added of affiliate firm i at time t, L is the labor input, C is the physical capital stock and K is the knowledge stock. α , β and γ are elasticities with respect to physical capital, labor and the knowledge stock, respectively. The parameter σ is a time variant and 7 affiliate-specific efficiency parameter. Dividing both sides by labor, taking the log and differencing the resulting equation in the two consecutive periods, we obtain the equation in its growth form:
where
denotes the growth in labor productivity, with lower case letters denoting variables in natural logarithms. In equation (2) fixed firm differences in productivity are eliminated from it σ ∆ , b ut we assum e th at th e ch an ge i n fi rm -specific efficiency levels is a function of past productivity:
where t λ is a year-specific intercept and it ε is a serially uncorrelated error term. This specification allows for gradual convergence in efficiency levels between firms, which has been observed to be important in the empirical productivity literature (Klette, 1996; Blundell and Bond 2000; Lokshin et al., 2008) . 8 We expect θ to fall within the interval [-1,0] . If θ is zero there is no gradual convergence; if θ is -1 complete convergence materializes in one period.
We transform the knowledge stock portion of the specification (cf. Griffith et al., 2003, p.7; Jones, 2002, p. 233; Fors, 1996) as follows:
The change in the knowledge capital stock is taken as a function of both technology transfer from the parent firm ( 8 Klette (1996) , for instance, shows that the empirically observed persistent productivity differences between firms require a model specification that allows for gradual convergence. 9 This assumes that the ratio of the net investment in knowledge to the knowledge stock is small:
We approximate the unknown function (5) with a second-order polynomial in R&D investment and technology transfer. 10 If the depreciation rate of the knowledge stock is small 11 we can write:
Hence the equation includes linear terms, quadratic terms, and the interaction term between R&D and the transferred technology. Although in previous research the quadratic terms have often been suppressed (e.g. Basant and Fikkert, 1996) , inclusion of the quadratic terms can be essential. If the process of augmentation of the knowledge capital stock is characterized by decreasing returns to scale and if the most R&D intensive firms engage in both internal R&D and technology imports, the interaction term between R&D and technology transfer may be confounded as negative as it picks up the declining marginal impact of R&D or technology transfer. A full specification with quadratic terms is required to explore this. In the empirical analysis, we will estimate the productivity effects of R&D and technology transfer using (6).
In order to show the importance of using a more general specification, we will also report the results of models with quadratic terms suppressed.
Combining equations (2), (3), and (6) and bringing the lagged productivity term to the right hand side, we arrive at the dynamic equation:
9 3. Data, Variables, and Descriptive Statistics
The data on which we estimate the model concern Japanese overseas manufacturing affiliates and are collected by the surveys of Overseas Business Activities conducted by the Japanese Ministry of Economy, Trade and Industry. We could access the (three-yearly) Basic
Surveys of Overseas Business Activities in 1996 and 1999 and the shorter Trend Surveys of Overseas Business Activities carried out in 1997 and 2000 (MITI, 1997 (MITI, , 2000 . The data represent the accounts for previous fiscal years ending in March. Since only the Basic Surveys contain information on technology payments and fixed capital, the data do not allow for the creation of a full panel data set. Instead, we match the basic survey data at the affiliate level with the trend survey in the following year to establish productivity, employment and capital stock growth, while we pool over the years 1996-1997 and 1999-2000 . Although the surveys include a large number of manufacturing affiliates, affiliates frequently are not included in the surveys of consecutive years. In addition, the questions on technology payments and R&D suffer from low response rates. We cross-checked the reliability of the data by comparing R&D and technology payment data with other entries such as the range of functional activities of the affiliate (which may include R&D), the number of reported R&D employees, and answers to similar questions for the same affiliates in earlier or later years. This to ensure that a zero was not mistaken for a missing value -a distinction which is sometimes not properly made in the surveys. As a result, we could draw on 1,798 observations on affiliates with accurate information on the variables of interest. The dataset includes 920 affiliates in 1996-1997 and 878 affiliates in 1999-2000. The affiliates are located in 38 countries.
R&D is the affiliate' s expenditure of R&D as reported in the basic survey. Our proxy for technology transfer is the value of licensing and royalty payments to the parent firm as reported by the affiliate. The reported value of these technology transfer payments may of course be biased if firms engage in transfer pricing to minimize tax payments in the host country, but the reported payments will be highly correlated with the real value of technology transferred to the affiliate. 12 We calculated value added as sales minus the value of procurement of parts and materials. 13 The capital stock in the base year is the book value of 12 We explored the possible bias due to transfer pricing by allowing the effect of reported technology transfer to differ systematically with the relative effective tax rate of the host country. We did not find evidence that the productivity impact of technology transfer was smaller for higher tax countries, which one would expect if the transfer price in the latter countries is systematically set higher. 13 This allowed for a substantially more reliable estimate for the affiliates than in case of deriving value added as the sum of wage costs, depreciation costs and net profits. Profits figures in particular \are severely under-reported in the survey.
fixed tangible assets as reported in the basic surveys. For the following years, we calculate the capital stock as the book value in the preceding year, fixed capital investments in the following year, and depreciation, with the depreciation rate set at 0.0792 14 . We expressed all values in 1999 prices by applying the GDP deflator reported in the World Development Indicators and the Yen-local currency exchange rate as reported in the METI surveys.
In total, the sample includes 86 billion Yen in affiliate R&D spending and 151 billion
Yen in payments for technology transfer. The ratio of R&D to value added is on average 1.6 percent while the ratio of technology payments to value added is higher at 2.7 percent (summary statistics are presented in Table 1 ). The distribution of affiliates over industries and countries is shown in Tables 2 and 3 . The tables also show the average R&D to value added ratio and the technology payments to value added ratio per country and industry. Table 2 shows a concentration of both R&D and technology transfer in specific industries, in particular in terms of the value of R&D and technology transfer. 15 R&D and intra-firm technology payments are concentrated in chemicals and pharmaceuticals, general machinery, electrical machinery and transport machinery. The highest R&D intensity is however reported in the precision machinery industry. The ranking of technology transfer intensities is slightly different, with electrical machinery reporting the highest intensity (4.1 percent) followed by chemicals and pharmaceuticals, general machinery, transport machinery and building materials.
The distribution of R&D and technology payments over countries is heavily skewed, as confirmed by earlier studies of Japanese overseas R&D (e.g. Belderbos, 2003; Todo and Shimizutani, 2005, Iwasa and Odagiri, 2004 14 We took this figure from Masuda (2000) who arrives at this rate using a perpetual inventory method. Deprecation costs are not well reported in the basic survey and sometime aggregate tangible and intangible assets. 15 A similar pattern is observed for R&D and technology imports in Taiwan (Branstetter and Chen, 2006) . 16 The relative high average R&D to value added ratio of French affiliates is mostly due to a high ratio for one specific affiliate.
The concentration of R&D and technology transfer in specific industries and countries is partly a feature of the technology intensity of industries and countries, but also suggests that multinational firms jointly ' adopt' the practices of technology transfer and R&D in their affiliates, which is indicative of a complementary relationship. We investigate this issue in the next section.
Empirical Results
The estimation results for equation (7) are presented in Table 4 (robust standard errors are given in parenthesis). Column (1) presents the estimates from a specification restricting
, hence excluding quadratic terms, and column (2) (2) is estimated including the quadratic terms of R&D and technology payments, this changes. The interaction effect between R&D and technology payments is now significantly positive, demonstrating the importance to adopt a full specification of knowledge stock augmentation. The square term of technology payments is significantly negative and the 12 square term of R&D is also negative but insignificant. 19 These results suggest that international technology transfer and local R&D are complements: the marginal impact of technology transfer is greater if the affiliate also engages in local R&D and vice versa. At the same time, there are decreasing returns to technology transfer, although the decline in marginal impact only sets in at relatively high levels of the value of technology transfer (close to 1.2 billion Yen). Affiliates benefit more from adding local R&D capability to technology transferred from the parent, rather than solely relying on the latter. Conversely, local R&D has a smaller impact if conducted without technology transfer from the parent. The estimated coefficient for the interaction effect suggest affiliates that spend the sample average on technology import have a gross rate of return on R&D investment that is 0.11 higher than affiliates that do not import technology. 20 Similarly the return on licensing is 0.06 higher for an affiliate spending the sample average amount on R&D compared to an affiliate not engaged in R&D. These are substantial relative increase of the rates of return, and in particular the return on R&D.
Conclusions
In this paper we examine the simultaneous impact of local R&D and intra-firm international technology transfer on productivity growth in foreign affiliates and assess the potential complementarity or substitutability between these two sources of technology. It is the first comprehensive empirical study of the productivity effects of intra-firm international technology transfer and affiliates R&D. We derive the econometric specification from an augmented Cobb Douglas production function including interactions between technology transfer and affiliate R&D in the augmentation of the knowledge stock. The model also takes into account potential productivity convergence through a dynamic specification. We estimate the model on a large sample of Japanese manufacturing affiliates worldwide in 1996-1997 and 1999-2000 . The empirical results confirm that both affiliate R&D and intra-firm technology transfer from the parent firm contribute to productivity growth, with technology transfer 13 exhibiting decreasing marginal returns. Furthermore, the two sources of technology are complements: use of one source of technology increases the marginal impact of the other.
While the empirical results are in line with earlier studies that confirmed an independent positive impact of R&D and technology imports (e.g. Branstetter and Chen, 2006, Basant and Fikkert, 1996) , the finding of complementarity contrasts with earlier inferences drawing on the correlation between R&D and technology exports at the industry level (Hines, 1995) and studies of productivity growth in independent firms in India (e.g. Basant and Fikkert, 1996) . Multinational firms' affiliates benefit more directly from the two sources of technology, as coordination between the parent and affiliate will allow local R&D to be specifically governed to absorb, adapt and build on parent firm technologies. The implication is that local R&D is less efficient and less likely to be performed on a large scale if affiliates face restrictions on the use of parent-developed technologies. Host countries tax and trade policies directed at reducing payments for technology imports are unlikely to serve as an effective tool to stimulate local R&D. They may instead reduce productivity growth with negative consequences for potential spillovers to the local economy and economic growth.
Future research could examine this issue more closely and relate technology transfer, R&D, and productivity growth more specifically to host country policies. A parallel line of further research is to examine whether potential complementarity between technology imports and local technology development exists in local firms, using the testing framework proposed in this paper. Notes: robust standard errors in parenthesis; *, **, *** indicate significance at the 10, 5, and 1 percent levels, respect
